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PROCESS AND APPARATUS FOR
PROPORTIONING LIQUIDS

BACKGROUND OF THE INVENTION

This invention relates to a process and apparatus for
proportioning a plurality of liquid components to form
a multicomponent liquid mixture.

When administering medical grade solutions to a
patient or when packaging medical grade solutions, it 18
necessary to proportion accurately the individual com-
ponents used to form the final solution composition. In
addition, it is necessary to control the volume of the
solution being administered or packaged for subsequent
administration to a patient. Thus, 1t 1s necessary to con-
trol the volume of each constituent forming the final
solution over the entire time period of administration or
packaging. It is common practice to measure the vol-
ume of a liquid in a container by measuring the pressure
at the bottom of the liquid column of known density
wherein the container has a known cross section over

the entire column height according to the equation:
P=pgh

and V=4 h

wherein P is the pressure at the bottom of the hquid
column in the container due to the liquid column, p 1s
the liquid density, g is acceleration due to gravity, h is
the liquid column height A is the container cross sec-
tional area, which may be a function representing cross
sectional area as a function of height, and V is the hqud
volume in the container.

Unfortunately, presently available pressure sensing
devices such as pressure sensing transducers, are prone
to drift over time so that the indicated pressure indi-
cated by the device is outside the allowable range of
error and the measurements become unrehable.

It has been proposed in U.S. Pat. No. 4,397,507 to
provide apparatus for metering a premixed solution to a
container having a pressure sensing device which pro-
vides an output signal proportional to the solution vol-
ume in the container. Once the desired volume has been
determined, it is then removed from the container and
directed to the point of use. The pressure output signal
is used to activate or inactivate a liquid inlet vaive and
a liquid outlet valve associated with conduits connected
to the container. An overflow autlet is provided with
the container so that it can be periodically filled com-
pletely and the pressure measured. This pressure mea-
surement together with the known container volume 1s
used to determine the density of the liquid within the
container. This density measurement is effected inde-
pendently of the container’s normal use so that normal
container use must be interrupted to obtain the measure-
ment. No means are provided for compensating for
pressure sensor drift. Accordingly, the apparatus pro-
vides no means for determining the integrity of the
pressure sensor measurements over time and, due to the
inevitable pressure measurement drift with the appara-
tus in this art, volume measurements will become nac-
curate. In medical applications, inaccurate volume mea-
surements cannot be tolerated.

Accordingly, it would be desirable to provide an
apparatus which is capable of accurately proportioning
individual liquid components to form a final desired
liquid composition. In addition, it would be desirable to

t_n

10

15

20

25

30

40

45

50

33

60

2

provide such an apparatus which maintains the desired
measurement accuracy over long time periods.

SUMMARY OF THE INVENTION

The present invention provides a proportioning pro-
cess and apparatus for forming a liquid composition
from a plurality of liquid components. One or more
liquid components are introduced into a subchamber of
known dimensions (height and cross-sectional area) and
the static pressure of each liquid component s measured
with a pressure sensor positioned at the base of the
subchamber. An additional liquid component then 1is
added to the subchamber to cause the liquid com-
ponent(s) of known volume in the subchamber to over-
flow into a main chamber of known dimensions up to a
maximum volume as controlled by the pressure sensor
with a liquid level sensor present to detect overflowing
from the chamber. The pressure of the liquid mixture 1n
the main chamber 1s measured with the same pressure
sensor located at the base of the subchamber when the
liquid level in the main chamber 1s equal to the sub-
chamber overflow level or above that overflow level.
During the time that the liquid level in the main cham-
ber has not reached the height of the overflow from the
subchamber and the liguid from the subchamber 1s over-
flowing to fill the main chamber, the pressure sensor
measures the pressure of the liquid in the full subcham-
ber. The known subchamber height can be used to
check the pressure sensor reading which then can be
used to calculate the stop height for the diluting liqud
in the main chamber to obtain the desired dilution. If the
pressure sensor reading is outside allowable drift, the
process is stopped for repair. The stop height 1s above
the overflow height and below the main chamber level
detector. The level detector is used to prevent excessive
dilution and as an additional calibrate point when the
apparatus is not being used in the proportioning mode.
The main chamber and subchamber then are emptied of
the liquid components therein, which are mixed to-
gether to form the desired liquid composttion. The lig-
uid composition which is of measured volume then can
be directed to a reservoir of known dimensions which 1s
provided with a second pressure sensor t0 measure
pressure which can be used to calculate the volume of
the liquid with known composition. This serves as a
validation of the measurement made by the first pres-
sure sensor. Should the volume measurements made by

these two independent devices disagree, the system is
stopped for repair.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 illustrates the apparatus of this invention.

FIG. 2 is a cross-sectional view of a chamber-sub-
chamber arrangement of this invention.

FIG. 3 illustrates the use of a differential pressure
sensor in the apparatus of FI1G. 1.

FIG. 4 illustrates the use of a differential pressure
sensor in the apparatus of FIG. 2.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to FIG. 1, the apparatus of this invention
includes a main chamber 10, a subchamber 12 and a
reservoir 14. The subchamber 12 is positioned parallel
to chamber 10 so that a liquid volume in excess of the
volume of subchamber 12 overflows through top outlet
16 into chamber 10. Provision of the reservoir 14 1s
preferred but it is not essential to the present invention.
The reservoir serves the primary function of mixing
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liquid exiting from subchamber 12 and chamber 10 and
serving as an accumulator. However, any conventional
means for mixing liquids downstream of the chamber 10
and subchamber 12 can be utilized.

As shown in FIG. 1, three liquid components can be 5
delivered through conduits 18, 20, and 22 for a first

liquid component, a second liquid component and a
third liquid component respectively. In a first step,

valve 24 is opened so that the first liquid enters inlet 26

to subchamber 12 1o partially fill subchamber 12. Pres- 10
sure sensor 28, measures the static pressure of the first
liquid component. Since the dimension of the subcham-
ber 12 and the density of the first liquid component are
known, the pressure measurement obtained gives the
operator sufficient information as to whether the cor- 15
rect volume of the first liquid component 1s present in
subchamber 12. After it has been determined so that the
correct volume of the first liquid component 1s present

in subchamber 12, valve 24 is closed and valve 30 1s
opened to permit the second hquid component to pass 20
through conduit 20 and inlet 26 into subchamber 12.
The sum of the volumes of the second hquid component
and the first liquid component is less then the subcham-
ber volume so that a pressure measurement can be ob-
served with pressure sensor 28 to determine whether 25
the correct amount of the second liquid component 1s
present in subchamber 12 in the manner set forth above.
Valve 30 then is closed and valve 32 is opened to permit
the third liquid component to pass through conduit 22
and inlet 26 to enter subchamber 12, overflow through 30
outlet 16 into chamber 10, up to a stop level below' the
level sensed bv level sensor 34. Since the densities of the
first. second and third liquid components are known, as
is the height of the subchamber 12 to the overtlow
point, a pressure measurement obtained with pressure
sensor 28 can be utilized to determine whether dnift has
occurred in pressure sensor 28 and whether the mea-
surements are accurate. It is to be noted that both cham-
bers 12 and reservoir 14 are vented to the atmosphere
by means of conduits 40 and 42, each of which can 40
contain an air filter 41 to prevent microbiological con-
tamination of the system. Valves 36 and 38 then are
opened so that liquid in chamber 10 and subchamber 12
can pass through conduits 44 and 45 into reservoir 14.
The reservoir 14 i1s provided with a level sensor 46 to 45
detect an overfill of the volume of liquid in the reser-
voir. The pressure sensor 48 1s utilized to measure the
volume of liquid composition of known density in the
reservoir 14 of known dimensions. The liquid from
reservoir 14 then is delivered for use through conduit 50
50. In the case of forming a liquid composition for use in
dialysis, the first and second liquid components can be
aqueous dextrose concentrate and aqueous electrolyte
concentrate while the third liquid component 1s purified
water with provisions for in situ fluid sterilization 55
downstream of proportioning, e.g. filtration steriliza-
tion.

In one aspect of this invention, the pressure sensors 28
and 48 are positioned normal to and below the input of
flow of liquid into the subchamber 12 and reservoir 14. 60
By positioning the pressure sensors 28 and 48 normal to
liquid flow, dynamic pressure sensing caused by liquid
flow is minimized or eliminated.

As an alternative, a differential pressure sensor could
be utilized 1n a closed system to measure pressure at 65
both the top and bottom of the chamber 10 as shown 1n
FIGS. 3 and 4. That is, unlike the apparatus shown 1n
F1G. 1 wherein the main chamber 10 is in communica-
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tion with the atmosphere. a conduit 52 can be provided
to communicate the top of the chamber with a differen-
tial pressure sensor 28. The differential pressure sensor
28 is positioned at the bottom of subchamber 11. The
differential pressure sensor is a conventional device
wherein, on side of a pressure sensor 1s fluidically con-
nected to the bottom portion of subchamber 11 ang
simultaneously measures the pressure at the top portion
53 of the chamber 10 above the liquid level in the cham-
ber or subchamber and the pressure at the bottom por-
tion of the subchamber 11. The differential pressure
sensor provides an accurate pressure measurement of
the difference between the pressure exerted on the top
of the fluid column (i.e. due to compressed air) and the
pressure of compressed air plus the fluid column.

Referring to FIG. 2, the apparatus of this invention
includes a subchamber 11, enclosed within housing 13
and a main chamber 10. Subchamber 11 and chamber 10
are in fluid communication by means of subchamber
outlet 17, connecting chamber 19 and chamber 1nlet 23.
The connecting chamber 23 comprise the top portion of
main chamber 10. Inlet 25 1s provided into subchamber
11 for liquid to be delivered thereto as described above
with reference to FIG. 1. A baffle 27 minimizes expo-
sure of the pressure sensor 29 to the dynamic pressure
force of the moving stream of incoming liquid. By uti-
lizing the baffle 27, an accurate pressure measurement
of the head of the liquid within the subchamber 11 can
be obtained. A level sensor 31 is provided to alert the
operator of an overfill condition. Chamber outlet 33 and
subchamber outlet 35 are provided for the purpose set
forth above with reference to FI1G. 1.

We claim:

1. Apparatus for proportioning a plurality of hquid
components for admixture with each other to form a
liquid composition which comprises:

a main chamber having a top portion and a bottom

portion,

an outlet positioned at said bottom portion of said

main chamber and an inlet positioned at said top
portion of said main chamber,

a subchamber having a second top portion and a

second bottom portion.

means for introducing a plurality of hiquid compo-

nents sequentially into said subchamber,

said second top portion of said subchamber being

positioned above said main chamber outlet and
being in fluid communication with said main cham-
ber inlet,

pressure sensing means adapted to sense liquid pres-

sure at said second bottom portion of said sub-
chamber and to sense liquid pressure in said main
chamber,

means for limiting the maximum volume of liquid in

said main chamber,

and said outlet means on said main chamber and a

second outlet means on said subchamber for re-
moving liquid from said main chamber and said
subchamber.

2. The apparatus of claim 1 wherein said pressure
sensing means is positioned normal to the direction of
liquid flow within said subchamber.

3. The apparatus of claim 1 wherein said subchamber
has a diameter substantially smaller than the diameter of
said main chamber.

4. The apparatus of claim 2 wherein said subchamber
has a diameter substantially smaller than the diameter of
said main chamber.
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5. The apparatus of claim 1 wherein said means for
introducing comprises means for introducing three hg-
uid components sequentially into said subchamber.

6. The apparatus of claim 2 wherein said means for
introducing comprises means for introducing three lig-
uid components sequentially into said subchamber.

7. The apparatus of claim 1 wherein said outlet means
on said main chamber and said second outlet means on
said subchamber direct liquid to a second chamber.

8. The apparatus of claim 2 wherein said outlet means
on said main chamber and said second outlet means on
said subchamber direct liquid to a second chamber.

9. The apparatus of claim 1 wherein said pressure
sensing means comprises a differential pressure sensor
that simultaneously measures pressure above a liquid
level in said chamber or subchamber and pressure at the
base of fluid column of said subchamber.

10. The apparatus of claim 7 wherein said second
chamber includes means for measuring liquid pressure
at the base of said second chamber.

11. The apparatus of claim 7 wherein said second
chamber includes a level sensor adapted to determine
the presence of excess liquid in said second chamber.

12. The process of proportioning a plurality of liquids
for admixture with each other to form a liquid composi-
tion with the apparatus of claim 1 which comprises
introducing a first liquid component into said subcham-
ber, measuring the static pressure of said first hquid 1n
said subchamber, introducing a second liquid compo-
nent into said subchamber to overflow liquid from said
subchamber into said main chamber to fill saild main
chamber up to a level determined by said means for
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limiting the maximum volume of liquid. measuring the
static pressure of said first liquid and said second hquid
in said main chamber and removing said liquid in said
subchamber and said main chamber in admixture 1O
form said liguid composition.

13. The process of proportioning a plurality of liquids
for admixture with each other to form a liquid composi-
tion with the apparatus of claim 1 which comprises
introducing a first liquid component into said subcham-
ber, measuring the static pressure of said first liquid 1In
said subchamber, introducing a second liquid into said
subchamber measuring the static pressure of said first
liquid and second liquid in said subchamber whereby
the total volume of said first and second liquid compo-
nents is less than the volume of said subchamber, intro-
ducing a third liquid into said subchamber, to overflow
liquid from said subchamber into said main chamber up
to a level determined by said means for limiting the
maximum volume of liquid, measuring the static pres-
sure of said first liquid, said second liquid and said third
liquid in said main chamber and removing said hquid in
said subchamber and in said main chamber in admixture
to form said liquid composition.

14. The process of claim 13 wherein one of said first
liquid component or said second liquid component 1s
concentrated agueous dextrose, one of said first liquid
component or said second liguid component 1s concen-
trated aqueous electrolyte and said third liquid compo-
nent is purified water.

15. The process of claim 12 wherein said first liquid

component comprises a plurality of liquid compositions.
* * * ¥ X
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